ABSTRACT A more general picture in explaining the origin of the jet composition of gammaray bursts (GRBs), namely, the hybrid jet model (introduced another magnetization parameter σ 0 on the basis of the traditional fireball model), has been well studied in Gao & Zhang (2015) , but still has not applied to a large GRB sample. Here, we first employ the "top-down" approach in Gao & Zhang (2015) to diagnose the properties at central engine to see how the hybrid model can account for the observed data as well, using a full Fermi GRB sample (8 bursts) with the detected photosphere component, as presented in Li (2019) (our Paper I). We derive all physical parameters for a hybrid problem with three typical r 0 values (r 0 =10 7 cm, 10 8 cm, and 10 9 cm). We find the dimensionless entropy η 1 for all the cases while (1+σ 0 ) >1 for 5 bursts (GRB 081224, GRB 110721A, GRB 090719, GRB 100707, and GRB 100724), which indicate that in addition to a hot fireball component, another a cold Poynting-flux component may also play an important role. Other 3 bursts (GRB 190114C, GRB 090902B, and GRB 160107) for (1+σ 0 ) >1 show r 0 -dependent behavior. Our analysis also shows that a few time bins for all r 0 in GRB 081224 and GRB 110721A, the magnetization parameter at ∼10 15 cm (1+σ r15 ) greater than unity, which indicates non-thermal radiation mechanism for these bursts may be ICMART event rather than internal shocks. Other GRBs either exhibit r 0 -dependent characteristic (GRB 090719, GRB 100707, GRB 100724B, and GRB 160107), or no time bin (GRB 190114C and GRB 090902B) satisfy (1+σ r15 ) >1. We conclude that a majority of bursts (probably all) can be well interpreted by the hybrid jet problem, and our analysis opens up a new window to understand the jet composition of GRBs.
factor of the bulk motion of the flow at the photospheric radius η, and the physical size at the base of the flow r 0 . This is because in the pure fireball model there are three unknowns, L BB , η, and r 0 . For the bursts with known redshift and measured thermal flux, L BB can be directly measured. The calculations of η and r 0 can follow by Eq.(4) and Eq.(5) in Pe'er et al. (2007) if we know all these three observed quantities (T obs , F BB , and F obs ). In the hybrid problem, another parameter σ 0 is introduced. So as to altogether there are four unknown parameters at the central engine (L w , r 0 , η, and σ 0 ), it is therefore impossible to solve all four unknown parameters from the data. In this scenario, consider a realistic central engine, Gao & Zhang (2015) suggested that assuming a constant r 0 throughout a burst for analysis could be more reasonable. Following this concept, we can also derive all the relevant photosphere properties for a hybrid problem (e.g., η, 1+σ 0 , r ph , Γ ph , 1+σ ph , 1+σ r15 ).
We address different questions based on the same Fermi GRB sample in a series of papers, focusing on the spectra detected a thermal photosphere component and a non-thermal component. In the first paper of this series , hereafter Paper I), we presented the study of how the thermal components affect the non-thermal spectral parameters. In this work, we continue our systematic study using the same GRB sample (listed in Table 1 of Paper I) to diagnose the hybrid jet model of photosphere emission of a hybrid relativistic outflow by applying the top-down approach, by which we carry out a statistical analysis of the central engine properties of a large GRB sample. The goal in this task is to re-investigate the central engine properties by constraining the hybrid model with the observed data.
The paper is organized as follows. In Section 2, we present methodology, which includes sample selection, data reduction, and Bayesian inference and Markov Chain Monte Carlo (MCMC) Methods. In Section 3, we describe the fireball dynamical evolution of photosphere emission of a hybrid relativistic outflow and discuss some derived physical parameters. The results of constraining a hybrid jet system with our sample are presented in Section 4. The discussions and conclusions are presented in Section 5. Throughout the paper, a concordance cosmology with parameters H 0 = 71 kms −1
Mpc
−1 , Ω M = 0.30, and Ω Λ = 0.70 is adopted. The convention Q = 10 x Q x is adopted in cgs units throughout the paper.
METHODOLOGY

Sample Selection
All Fermi-GBM bursts that detected photosphere emission in their observed spectra are included in our analysis until 2019 March 31, as reported in previous literature. We focus on Fermi-GBM bursts that have such spectral characteristics since it covers a broader energy range (8 keV-40 Mev) compared with BATSE (25-1800 keV), favoring the assessment to the current GRB spectral models. The GBM (Meegan et al. 2009 ) contains 12 sodium iodide (NaI, 8keV-1MeV) detectors (n0 to n9, na and nb), and 2 bismuth germanate (BGO, detectors (b0 and b1). We use the Time Tagged Event (TTE) and spectral response (rsp) files for the sets of detectors selected. We select at most three NaI detectors in order to obtain an angle of incidence less than 60
• and one BGO detector with the lowest angle of incidence (Goldstein et al. 2012; Narayana Bhat et al. 2016) for spectral analysis. A sample of 13 Fermi-GBM such bursts are available, and the detail spectral characteristics of these bursts have been reviewed in the paper I. The sample is presented in Table  1 of the paper I, in which the Fermi triggered ID, duration T 90 , the fluence in 10 keV-40 Mev, the triggered NaI detectors, the source and background intervals, the number of the bins of S/N>20 and total by using the Bayesian block analysis across the source, the best model suggested in the literature, and its reference, are summarized.
Data Reduction
All temporal and spectral analysis in this work is carried out by Bayesian analysis (the detail discussions see in §2.3) package for the GBM data (Burgess et al. 2017; Yu et al. 2018; , namely, the Multi-Mission Maximum Likelihood Framework (3ML, Vianello et al. 2015) package. The background is fitted by typical selection two off-source (pre-and post-source) intervals with an order 0-4 polynomial for one of the bright NaIs in photon counts. The optimal order of the polynomial is determined by a likelihood ratio test (LRT). This optimal polynomial is then used to fit each of the 128 energy channels (TTE) to estimate the background model for the rate in that channel. The background photon counts for each channel is obtained by integrating the optimal polynomial over source interval, and the error on the background can also be calculated, since a maximum-likelihood is used to the background estimation, and the errors are assumed to be Gaussian distributed 2 . We bin the spectra at least one background count per spectral bin for the Poisson-Gaussian profile likelihood to be valid. To conduct the time-resolved spectral analysis, we rebin the TTE data by applying the Bayesian blocks (BBs) method (Scargle et al. 2013 ) with false alarm probability p 0 =0.01 to the TTE light curve of one brightest NaI detector, all other used detectors are then binned in matching time bins. For the case of more than one NaI detectors are triggered, we select the brightest one which has the highest significance during the source interval. We then use it for the Bayesian block and background fitting. To perform an accurate spectral fit, enough source photons should be obtained in each bin. Therefore, an appropriate value of signal-tonoise ratio (S/N) for each individual bin should be adopted. We applied S/N ≥ 20 in this paper since the spectral fitting from lower S/N values (S/N<20) typically has huge errors. To better study the time-resolved spectral evolution, we select the number of spectra with S/N>20 to be at least greater than 5 from the bursts, the sample then reduced to 8 bursts with this criterion. These bursts are GRB 081224, GRB 090719, GRB 090902B, GRB 100724B, GRB 110721A, GRB 160107, and GRB 190114C.
The time-resolved spectral fitting results for each selected burst was reported from Table A1 to Table A8 in paper I. For each Table, we list time interval (Col. 1), signal-to-noise ratio (Col. 2), parameters of cutoff power-law (CPL) alone fitting (α and E c : Col. 3 -Col. 4), parameters of cutoff power-law plus blackbody fitting (α, E c and kT : Col. 5 -Col. 7) or parameters of power-law plus blackbody fitting (power-law index and kT : Col. 5 -Col. 6), and parameters difference (∆α I or ∆α II , ∆E c , Ratio I or Ratio II , ∆ DIC I or ∆ DIC II ) between CPL only and CPL+BB models . Note that we use the CPL model as a proxy for the Band model to perform the spectral analysis throughout the paper. This is because thermal components are typically observed in the left shoulder of the Band spectrum (below E p ), its presence does not affect the high energy β index (above E p ). The definition of each used-model is presented in Appendix.
Bayesian inference and MCMC Methods
2 The maximum likelihood-based statistics are used, the so-called Pgstat, given by a Poisson (observation, Cash 1979)-Gaussian (background) profile likelihood.
Parameter estimation is the primary task when performing spectral fits. To achieve this goal, either Maximum Likelihood Estimation (MLE) based on frequentist approach or Maximum A Posteriori Probability (MAP) based on Bayesian inference can be used 3 . To fit a model to data, the conventional wisdom in the frequentist approach can use χ 2 minimization or its variants, or involved in more complex frequentist methods (e.g., Cstat, Pgstat) based on the maximum likelihood method. However, these traditional frequency methods are known to be problematic in some issues (e.g., Andrae et al. 2010; Greiner et al. 2016) . Bayesian approach has become increasingly popular in recent years. In this paper, we perform all the spectral analysis by using Bayesian inference and MCMC methods. Here we first introduce the main steps and concepts in detail.
Fitting Bayesian statistical models by using MCMC methods 4 has become a standard tool for parameter estimation in astronomy in the last ten years (e.g., Sharma 2017; Burgess et al. 2017; Yu et al. 2018; . In Bayesian inference, Bayes's theorem is applied to infer and update the probability distribution of a specific set of model parameters after the experimental data is obtained. Given an observed GRB spectrum (dataset D) and a spectral profile model (M , e.g., Band function), the probability distribution P (θ | D, M ), so-called P osterior probability, according to the Bayes's theorem, therefore is given by
where p(D | M, θ) is the likelihood on the parameters, it combines the model and the observed data, and expresses the probability to observe (or generate) the dataset D from given a set of parameters θ and a model M (given one or more dataset D, and one model containing one or more sources with free parameters). p(θ) is prior probability on the parameters, specifying our prior knowledge (or lack of knowledge) of the set of parameters. p(D) is called evidence, is a constant with the purpose of normalizing p(θ | D, M )dθ = 1. The informative priors are adopted by the typical spectral parameters from F ermi-GBM catalogue: α ∼ N (µ = −1., σ = 0.5); E c ∼ N (µ = 200, σ = 300); β ∼ N (µ = −2.2, σ = 0.5). The posterior distribution is obtained from the prior and sampling information, and the affection from prior distribution will be weaker as the increase of sampling information (Dataset). When using Bayesian posterior sampling, according to the Bayes's formalism, only the simplest posterior allows for an analytic solution. However, a high-dimensional integration is required in most cases so that the posterior is generally impossible to compute. Therefore stochastic sampling techniques such as MCMC or nested sampling methods are must be involved. Two popular posterior sampling methods can be used: emcee and MULTINEST 5 . In this paper, we apply emcee (MCMC method) to sample the posterior, which includes three parameters need to be defined: the number of chains (n walkers), the number of learning samples (bun in) that we do not include in the final results, and the number of iterations (n samples). For each spectral analysis, we set n walkers=20, bun in=2000, and n samples=10000. The parameters of our model in the MCMC sampling allow in the following range-index (PL model): [-10 Since Bayesian analysis provides the predictions described as probability distri-butions instead of point estimates, resulting in the uncertainty in the inferences could be quantified. Parameters and error estimations therefore can be straightforwardly obtained from the posterior distribution of any desired parameter. The posterior distribution probably deviates from any well studied distributions (e.g. Gaussian or Poisson), instead it has a skewed and/or multi-modal form. Parameter estimation is then obtained at a maximum a posteriori probability from Bayesian Posterior probability distribution. The error range or the credible interval is estimated from the narrowest interval which covers a given percentage of the total probability density. The uncertainty is adopted the 95% confidence interval calculated from the last 80% of the MCMC chain for 10000 iterations.
PHYSICAL SCENARIO
In the hybrid problem, a pure fireball is an extreme case (η 1 and σ 0 1). In this case, the bulk Lorentz factor Γ would firstly increase linearly with r, Γ ∝ r, until reaching the maximum Lorentz factor defined by η, then coasts at the maximum value until the IS radius, where
2 ) = r 0 η, hereṀ is mass injection rate, c is the speed of light, and L w is the isotropic equivalent burst luminosity, η is the initial internal energy per particle, which is defined as
When photosphere radius beyond the saturation radius (coast phase), Γ ≡ η (Meszaros & Rees 1993; Piran et al. 1993) 
A Poynting-flux-dominated outflow (η ∼ 1 and σ 0 1) is another extreme case in the hybrid problem. In this scenario, the jet dynamics is more complicated. The flow initially would be quickly accelerated to 'Magneto-Sonic point' (called the radius of rapid acceleration, r ra ). The acceleration law during this rapid period may be described with a power-law scaling, Γ ∝ r λ , with power-law index ranging within 1 2 < λ ≤ 1 (e.g., Komissarov et al. 2009; Granot et al. 2011) . Above r ra , the flow is in a slow acceleration until reaching the coasting radius r c where Γ reaches σ 0 , and the acceleration law during this slow acceleration phase may be written as a general scaling, Γ ∝ r δ , with 0 < δ ≤ 1 3 (e.g., Mészáros & Rees 2011; Veres & Mészáros 2012) . Finally, the flow will be in the coasting phase, one gets Γ ≡ Γ c . For a more general hybrid jet system, assuming that the acceleration proceeds first thermally and then magnetically (Mészáros & Rees 1997; Vlahakis & Königl 2003; Gao & Zhang 2015) , the jet still undergoes three phases. Initially, the rapid acceleration regime (r 0 < r < r ra ), here r ra is the rapid acceleration radius, defined by the larger one of the thermal coasting radius or the magneto-sonic point. The acceleration law during this regime can approximately be written as Γ ∝ r (Gao & Zhang 2015) . Then, the system slowly accelerates till the saturation radius (r ra < r < r s ), with the acceleration law Γ ∝ r δ . Finally, the coasting phase (r > r s ), and one has Γ ≡ Γ c . The Lorentz factor at r ra , Γ ra , has two different possible values for different central engine parameters: η > (1 + σ) 1/2 and η < (1 + σ) 1/2 . For each case, the photosphere radius r ph can be in different regimes separated by r ra and r c . Therefore, altogether the photosphere properties in the hybrid system can be defined in six different regimes. Regime I: η > (1 + σ)
1/2 and r ph < r ra ; Regime II: η > (1 + σ) 1/2 and r ra < r ph < r c ; Regime III: η > (1 + σ)
1/2 and r ph > r c ; Regime IV: η < (1 + σ) 1/2 and r ph < r ra ; Regime V: η < (1 + σ) 1/2 and r ra < r ph < r c ; Regime VI: η < (1 + σ) 1/2 and r ph > r c . The six regimes can be applied for outflows in cases of both sub-photospheric magnetic dissipation and non sub-photospheric magnetic dissipation. Since a blackbody component is predicted only in the nondissipative photosphere model, so the top-down approach in Gao & Zhang (2015) only applies to the non-dissipative photosphere models (the photosphere radius above the coasting radius). On the other hand, the approach also requires the observed spectra showing two emission components from the relativistic jet simultaneously: a quasi-thermal spectral component and a non-thermal synchrotron spectral component. We therefore focus on the bursts have such spectral characteristic, and 8 cases are included in our current sample (for detail see Paper I). Similar to the discussion in Pe'er et al. (2007) for the pure fireball model, the central engine parameters can not be inferred if r ph < r ra due to degeneracy for the hybrid jet model (corresponding to regimes I and IV). We therefore focus on the regimes with r ph > r ra (corresponding to regimes II, III, V, and VI). On the other hand, the magnetically dissipative photosphere models predict a much higher E p , which is disfavored by the observed spectrum (Bégué & Pe'er 2015) .
RESULTS
We report the properties of physical parameters from a hybrid problem for our sample in Table 1 . For each burst, we present the results with three different r 0 values: r 0 =10 7 cm, r 0 =10 8 cm, r 0 =10 9 cm. For the bursts without redshift, we use a typical value z = 2 for our calculations. We will discuss further in §5 for why these values are adopted. The inferred parameters depend on an assumed constant r 0 for a hybrid problem as suggested in Gao & Zhang (2015) , which could have a more reasonable conclusion as compared with a varying r 0 . We also compare the results with the varying r 0 , which is obtained from the pure fireball model. It should be noticed here is the results obtained from different r 0 are quite different. The parameters we list in the Table 1 include: GRB name (Col. 1), used value of redshift (Col. 2), used value of r 0 (Col. 3), time bin of passed regime judgements 6 and total (Col. 4), time bin of η 1 (Col. 5), time bin of (1+σ 0 )>1 (Col. 6), temporal properties of r ph (Col. 7) and Γ ph (Col. 8), time bin of (1+σ 0 )>1 (Col. 9), and time bin of (1+σ 0 )>1 (Col. 10). By using the 'top-down' approach of Gao & Zhang (2015) , we then derive all key parameters at the central engine (η, 1+σ 0 , r ph , Γ ph , 1+σ ph , 1+σ r15 ). We present the temporal evolutions of all these physical parameters in the hybrid problem, as well as two observed qualities (the ratio between the BB to total flux, and the BB temperature) for each burst from Figure 2 to Figure 8 . To better express the temporal evolution characteristics of all physical parameters, we denote different types (see in Table 1 and below for detail definitions). Different types of the evolution of the physical parameters may imply different central engine characteristics. For example, (1+σ 0 ) is expected in some engine models (e.g., Metzger et al. 2011b ) to have the characteristic that initially increases with time, which is consistent with our Type II and Type VI. The pure fireball model predicts Γ ph initially rises with time (Type II and Type VI), while both IS and ICMART scenarios expect Γ ph declines with time (Type III and Type VII).
The analysis of characteristics of the temporal evolution of physical parameters has led up to identify the following unique features of our sample:
• GRB 110721A. The time-resolved spectral analysis by Bayesian analysis shows that 10 time bins satisfy our selection criteria (S/N>20 and ∆DIC <0, see §2). After the regime judgments, we have 8, 8, and 6 time bins for r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm, respectively. Redshift 6 Here note that the physical parameters in the hybrid problem are inferred by using different regime formulas (see Appendix) and thus it require the regime judgments (see Table 2 in Gao & Zhang 2015) before the calculations. To ensure that our calculation is correct, the first step is that we adopt the same spectral data (obtained from Iyyani et al. 2013 ) and r 0 values (r 0 =10 8 cm, r 0 =10 9 cm, and r 0 =10 10 ) for GRB 110721A as used in Gao & Zhang (2015) , to compare our results (see Figure A2 in Appendix) with that of Gao & Zhang (2015) (Figure 4 ). We find our results are the same as Gao & Zhang (2015) , which indicate our calculations, including the regime judgments, are correct. adopt z=0.382 (Berger 2011) . Figure 1 presents the temporal evolution of physical parameters with different r 0 values. We find η decreases (denoted 'Type III' in Table 1 ) while (1+σ 0 ) initially decreases and then translates to increase (Type VII), with all time bins η 1 and almost all time bins for all r 0 the (1+σ 0 ) >1. The results are consistent with what is expected in some engine models (e.g., Metzger et al. 2011b ) that (1+σ 0 ) initially rises, and indicate a cold Poynting-flux component may also play an important role at the central engine in this burst. r ph presents an increase-decrease two-segment trend (Type VI) and Γ ph show a monotonic decline (Type III) 7 . Interestingly, a good fraction of time bins for both (1+σ ph ) and (1+σ r15 ) are above unity, which suggests that the radiation mechanism of non-thermal components for this burst may be ICMRAT event rather than IS.
• GRB 081224. Burgess et al. (2014) reported the time-resolved spectral evolution and suggested that the acceptable spectral fits required an additional blackbody component to the synchrotron component. The results are confirmed by our Bayesian analysis, and 5 time bins are included.
Since it has no redshift measurement, we use z=2. Through the regime judgments, we obtain 5, 2, and 0 spectra for r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm, respectively. We find that η 1 for all time bins, and decreases with time (Type III, see Figure 2 ). On the contrary, (1+σ 0 ) rapidly rising from ∼ 1 then decayed later as a power-law (Type VI), and when it reaches its maximum value (σ 0 1), correspondingly η reaches its minimum value. The results show that a cold Poynting-flux component in the burst strikingly play an important role. r ph and Γ ph present a decrease-increase temporal trend (Type VII). A few time bins for both (1+σ ph ) and (1+σ r15 ) are above unity, which suggests that the radiation mechanism of non-thermal components for this burst may be ICMRAT event rather than IS.
• GRB 090719. The burst was revealed that the best model for the spectral fits required an additional blackbody component (Burgess et al. 2014) , which is consistent with our Bayesian analysis. We obtain 12 time bins, and 11, 10 and 7 bins satisfy the regime judgements for r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm, respectively. We use a value of z=2 as a proxy for redshift. The temporal evolutions of the physical parameters and observational qualities are shown in Figure 3 . Still, we find η 1 for all time bins while moderate-σ 0 for most time bins, i.e., (1+σ 0 )>1. We also find (1+σ 0 ) increases with time (Type II), which is consistent with the expectation of some engine model (e.g., Metzger et al. 2011b) . r ph and Γ ph generally present a constant-decrease two-segment trend (Type V). A few time bins for (1+σ ph ) as well as (1+σ r15 ) are slightly greater than unity while others are close to unity. One can tentatively draw the conclusion that a cold Poynting-flux component is found strong in this burst. Whether ICMRAT event or IS is the radiation mechanism of non-thermal components for this burst is not clear, since it depends on which r 0 value is the true size at central engine.
• GRB 100707. GRB 100707A is one of five bursts were analyzed in Burgess et al. (2014) , which suggested that an additional thermal component should be added to the spectral fitting in order to obtain an acceptable fitting. We include 11 time bins, and 11, 11 and 8 time bins satisfy the regime judgments for r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm, respectively. Redshift is still adopted a typical value, z=2. All time bins show η 1, and present constant-to-decrease behavior (Type V), while (1+σ 0 ) initially close to unity and then increase rapidly (Type IV) (Figure 4) . r ph show an increase-decrease temporal trend (Type VI) and Γ ph generally present a slow-to-fast decrease. (1+σ ph ) show a very similar behavior compared with (1+σ 0 ). Almost all time bins for (1+σ r15 ) close to unity (see Figure 4) , which suggests that the radiation mechanism of non-thermal components for this burst may be IS rather than ICMRAT event. The results suggest the fact that a cold Poynting-flux component play a prominent role but only at a later time, since we find (1+σ 0 ) >1 for all r 0 . This is consistent with that the thermal flux ratio (F BB /F obs ) presents a strong temporal evolution (it decays rapidly with time) during the burst duration ).
• GRB 100724B. After carrying out the detailed time-resolved spectral analysis, Guiriec et al. (2011) pointed out that the spectra of GRB 100724B are dominated by the typical Band function, it also includes a statistically highly significant thermal contribution. This burst is very bright, and many more time bins are available for our analysis. In total, we obtain 33 bins, and 32, 31, and 30 bins respectively conform to the regime judgements for r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm. No redshift observation, still using z= 2. Thermal flux ratio slightly increase (Type II) while BB temperature generally show a constant value (Type I) throughout the burst duration ( Figure 5 ). η 1 for all time bins and shows a slightly monotonic-increase trend (Type II, similar to ratio), while 1+σ 0 >1 for almost all time bins and presents a monotonic-decrease trend (Type III, contrary to ratio). r ph and Γ ph generally present a constant behavior throughout the burst duration (Type I). (1+σ ph ) and (1+σ r15 ) show a r 0 -dependent characteristic, i.e., nearly all time bins for a large r 0 (r 0 =10 9 cm) are beyond unity but for a smaller r 0 (r 0 =10 7 cm) are close to unity. This implies that whether ICMRAT or IS is the radiation mechanism of non-thermal components depends on which r 0 is the true size at the central engine. A firm conclusion can be drawn for this burst is that a prominent Poynting-flux component is found simultaneously with a fireball component, in which a hybrid jet problem should be involved.
• GRB 190114C. After performing the detail time-resolved spectral fits and model comparisons, Wang et al. (2019) recently reported that adding a blackbody much improves the fitting over the CPL only during the first spike of the burst, around 2.7s to ∼ 5.5 s. This burst is a very bright burst, and we include 18 time bins between 2.7s and 5.5s. Through regime judgements, 17, 17, and 9 time bins are obtained for r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm, respectively. Redshift is adopted z= 0.424 reported by Selsing et al. (2019) . The thermal flux ratio is very high (Figure 6 ) and without significant evolution (Type I), with an average ∼ 30% for all time bins, which is much higher than the typical observations. BB temperature generally shows a monotonic decreasing (Type III). All time bins show η 1 while (1+σ 0 ) ∼ unity for almost all time bins for a small r 0 (10 7 cm) but above unity for a large r 0 (10 9 cm) (r 0 -dependent). r ph increases (Type II) while Γ ph generally present a constant-decrease temporal trend throughout the burst duration (Type V). Interestingly, no time bins for all r 0 (1+σ r15 ) above unity (r 0 -independent), while (1+σ ph ) show a r 0 -dependent characteristic. The results suggest that IS rather ICMRAT event may be the radiation mechanism of non-thermal components for this burst.
• GRB 090902B. The burst shows thermal dominate form (Ryde et al. 2010) , both in the timeintegrated or time-resolved spectral analysis. Moreover, GRB 090902B is a very bright burst, and 48 time bins are obtained. The redshift of z=1.822 was measured by Cucchiara et al. (2009) . Three radius (r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm) corresponds 47, 47, 33 bins satisfying the regime judgements. In Figure 7 , we present temporal evolutions of all physical parameters, ratio and BB temperature. Thermal flux ratio can reach a very high value at early times, with an average value ∼ 70 % , then decrease to ∼ 20 % at later times. We find that all time bins show η 1 and temporal evolution exhibits a constant-decrease (Type V) characteristic dramatically. Both (1+σ 0 ) and (1+σ r15 ) exhibit a r 0 -dependent characteristic, while no time bins for all r 0 the (1+σ r15 ) are greater than unity, which suggests that the radiation mechanism of non-thermal components for this burst may be IS rather an ICMRAT event. Interestingly, r ph present a constant-increase (Type IV) while Γ ph present a constant-decrease (Type V) throughout the burst duration.
• GRB 160107. The burst is another case which shows thermal dominant form, and Kawakubo et al. (2018) suggested the best spectral model is PL+BB. No redshift reported and z =2 is adopted. 9 time bins are obtained, and after the regime judgements, we found 9, 9, and 9 time bins respectively corresponds r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm. All time bins still show η 1 and exhibit the Type I temporal evolution (Figure 8 ). Both (1+σ 0 ) and (1+σ ph ), as well as r ph and Γ ph , present a constant characteristic throughout the burst duration (Type I). r 0 -dependent characteristic is significantly found in both (1+σ 0 ) and (1+σ ph ). No time bins for all r 0 the (1+σ r15 ) are greater than unity, which suggests that the radiation mechanism of non-thermal components for this burst may be IS rather an ICMRAT event.
In order to have a global view on the statistical properties of the physical parameters in the hybrid problem, we present the distributions of each relevant physical parameter, comparing them with three different r 0 values (Figure 9 ). For a small r 0 , we find η tends to be large while (1+σ 0 ) tends to be small. The peak distributions of η are ∼150 for r 0 =10 9 cm and ∼4×10 3 for r 0 =10 7 cm, while the peaks of (1+σ 0 ) are close to unity for r 0 =10 7 cm and ∼10 for r 0 =10 9 cm. r ph and Γ ph generally share a same distribution for various r 0 (except for r 0 =10 9 cm for Γ ph ). The peak is around 10 12 cm for r ph and ∼500 for Γ ph . We do not find a clear trend for (1+σ 15 ) and (1+σ r15 ) due to a small sample size.
In Figure 10 , we display some key correlation analysis for the hybrid parameters. Thermal flux ratio and η should track each other since both denote the strength of the thermal component, while both them should have an opposite relationship with (1+σ 0 ). We find η-(F BB /F obs ) shows a clear monotonous-positive whereas (1+σ 0 )-(F BB /F obs ) present a strong monotonous-negative relation. This is consistent with the expectation which predicted in the hybrid model, namely, a high thermal flux ratio tends to be a high η and small (1+σ 0 ). The result is confirmed in the η-(1+σ 0 ) relation, which displays a strong monotonous-negative relation. For r ph -Γ ph , we also find a positive relation. For η-kT and (1+σ 0 )-kT relations, we do not find a clear trend.
CONCLUSION AND DISCUSSION
GRB jets more likely originate from a hybrid system, which is consisted of a quasi-thermal component (hot fireball) and a non-thermal component (cold Poynting-flux) at central engine concomitantly. The hybrid model has been discussed in detail in Gao & Zhang (2015) , but has not yet been applied to a large sample of Fermi GRBs. In this paper, we first applied the top-down approach in Gao & Zhang (2015) to diagnose a large sample of Fermi GRBs with detected photosphere component, and then carried out a statistical analysis of the central engine properties with a large GRB sample. In total, we included 8 such GRBs for our analysis (see our Paper I for detail). In order to obtain some key observational parameters, we first employed MCMC method and Bayesian analysis to fit our sample. Three key observed quantities are therefore obtained: BB temperature kT , BB flux F BB , and thermal flux ratio F BB /F obs . After the regime judgements, all the physical parameters are correspondingly derived from the formula of the hybrid model (see formalism of top-down approach in Appendix), including η, (1+σ 0 ), r ph , Γ ph , (1+σ ph ), and (1+σ r15 ). Our analysis is based on the assumption that r 0 is a constant. Consider several realistic scenarios for a central engine, we use three typical values for r 0 : r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm. For the busts without redshift observation, we use a typical value instead (z = 2). After analyzing the evolutionary properties of all physical parameters in our sample, we find that all time bins for all bursts show η 1, indicating that a strong hot fireball component is robustly found in these bursts. We also found some time bins for five bursts (GRB 081224, GRB 110721A, GRB 090719, GRB 100707, and GRB 100724) show (1+σ 0 )>1 for all selected r 0 values, which implies that a Poynting-flux component may play an important role for these GRBs, and therefore the hybrid jet problem must be involved. Other three bursts (GRB 190114C, GRB 090902B, and GRB 160107) show r 0 -dependent behavior, which means whether or not this is possible depends on which r 0 is the true size at the central engine. If r 0 is small (=10 7 cm), one has (1+σ 0 ) ∼ 1, this is also consistent with the case of η 1 and σ 0 1 in the hybrid problem; if r 0 is large (=10 9 cm), we have (1+σ 0 ) > 1, this can still be well explained by the hybrid problem, where η is smaller and σ 0 is larger. Interestingly, we found that (1+σ r15 )>1 for some time bins for all r 0 in GRB 081224 and GRB 110721A. This indicates that the radiation mechanism of the non-thermal components may be ICMART event rather than IS. Other GRBs either exhibit r 0 -dependent (GRB 090719, GRB 100707, GRB 100724B, and GRB 160107), or no time bin (GRB 190114C and GRB 090902B) 8 satisfy (1+σ r15 ) >1. Temporal evolution of parameters shows that ratio is basically the same as η, but contrary to (1+σ 0 ), this is a natural expectation predicted by the hybrid model. Since a high thermal flux ratio indicates a high proportion of thermal components and a low proportion of cold Poynting-flux components, therefore, η should be large and (1+σ 0 ) should be small. Moreover, the global parameter relations show that η-(F BB /F obs ) presents a monotonic-positive relation whereas (1+σ 0 )-(F BB /F obs ) shows a monotonic-negative relation. In conclusion, in a more general hybrid jet model that introduced another magnetization parameter σ 0 on the basis of the traditional fireball model, at least a majority of Fermi bursts (probably all) can be well interpreted. There are indeed in some bursts, the Poynting-flux-dominated component does play a significant role, therefore using the traditional pure fireball model to interpret the observed data may cause some bias.
Finally, there are several caveats worth mentioning in our analysis. First is the selection problem of r 0 value. In the hybrid problem, our analysis is based on the assumption of a constant r 0 . We use the values of three r 0 (r 0 =10 7 cm, r 0 =10 8 cm, and r 0 =10 9 cm), which span two orders of magnitude. However, our results significantly varies with different r 0 values. Since it is impossible to give an accurately true r 0 value, which led us to make some unconfident explanations in some cases. For example, in GRB 09092B, the case has the highest thermal flux ratio, when r 0 =10 7 cm, all time bins have (1+σ 0 )∼ 1, but when r 0 =10 8 cm, only a part of time bins show (1+σ 0 )∼ 1, and when r 0 =10 9 cm, no time bin has (1+σ 0 )∼ 1, rather, all time bins have (1+σ 0 )>1. Such r 0 -dependent behavior is evidenced from another burst, GRB 190114C, which also has a very high thermal flux ratio. Gao & Zhang (2015) studied a case (GRB 110721A) but using different r 0 values: r 0 = 10 8 cm, r 0 = 10 9 cm, and r 0 = 10 10 cm. Using r 0 =10 10 cm for calculation may be a little big, since the size of a naked engine (a hyper-accreting black hole or a millisecond magnetar) is r 0 ∼ 10 7 cm, or for a 're-born' fireball (considering an extended envelope of a collapsar progenitor), r 0 ∼ R * θ j ∼ 10 9 R * ,10 θ j,−1 cm (where R * is the size of the progenitor star, and θ j is the jet opening angle). On the other hand, only a very small number of time bins of r 0 = 10 10 cm can through the regime judgment 9 . Second is the redshift problem. In our sample, the redshift of more than half of the GRBs is unknown. However, in reality, the calculations of some key parameters require a redshift measurement. In order to test the effect of different redshift values on the results, we compare the results with five different z values for GRB 110721A ( Figure A3 ): z = 0.382, z = 1, z = 2, z = 3.512, and z = 8. For simplicity, our test is only based on a typical radius, r 0 = 10 8 cm. 0.382 and 3.512 are two candidates of observed values of redshift for GRB 110721A as reported in the literature, and the former is preferred. We find the effect of redshift is moderate, and has an impact on the results within one order of magnitude. We therefore use a typical value z = 2 for the bursts without redshift measurement. More interesting, we find η, r ph , and Γ ph are more sensitive than (1+σ 0 ), (1+σ ph ), and (1+σ r15 ) replying on the selection of redshift. However, for those GRBs without redshift measurement, we still need to be cautious in explaining the physical parameters, which were calculated by assuming a typical redshift value.
Last, our spectral fitting is based on a Bayesian analysis. The results might be different compared with the previous frequency approach (e.g., RMFIT package). Especially in the case of a complicated model with many model parameters is involved. In our sample, some time bins in some bursts the thermal flux ratio is relatively low, this may result in the un-convergence parameters of thermal components from the fitting, e.g., BB flux. As a result, the calculated ratio could has a huge error. However, the thermal flux ratio is a key observed quantity, which may lead to a large deviation between the derived physical parameters and the real values. So when the ratio is relatively low in some time bins, e.g., F BB /F obs <0.01, and with huge errors, we still need to be cautious in explaining the results.
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9 Only 1 time bin from GRB 100707A, 2 time bins from GRB 110721A, and 3 time bins from 090902B can pass the regime judgments when r 0 =10 10 cm. There is no time bin for other five bursts.
-. 2011, ApJL, 733, L40, Time ( Figure 1 . Temporal evolution of thermal flux ratio, BB temperature, and all physical parameters of a hybrid problem for GRB 110721A. The spectral data is derived from the best fitting of CPL+BB model by using Bayesian analysis+ MCMC method. The physical parameters are calculated by using top-down approach in Gao & Zhang (2015) , and considering the case in a non-dissipative photosphere. Regime judgment is used Table 2 of Gao & Zhang (2015) . The redshift of z=0.382 is used. Three r 0 values are adopted and different colors represent different r 0 values: r 0 =10 7 cm (purple), r 0 =10 8 cm (orange), and r 0 =10 9 cm (green). Figure 2 . Same as Figure 1 , but for GRB 081224 (assuming a typical value z=2 for redshift). Figure 3 . Same as Figure 2 , but for GRB 090719 (assuming a typical value z=2 for redshift). Figure 4 . Same as Figure 2 , but for GRB 100707 (assuming a typical value z=2 for redshift).
Li. Figure 5 . Same as Figure 2 , but for GRB 100724B (assuming a typical value z=2 for redshift). Figure 6 . Same as Figure 2 , but for GRB 190114C (redshift for this burst adopt 0.425).
Li. Figure 7 . Same as Figure 2 , but for GRB 090902B (redshift for this burst adopt 1.822). Figure 8 . Same as Figure 2 , but for GRB 160107 (assuming a typical value z=2 for redshift). 
(A8)
Here note that regime VI has the identical scalings as regime III. f γ is given by f γ =L γ /L w , which connects the total flux F obs to the wind luminosity L w ; and f th =F BB /F obs , is the thermal flux ratio, which can be directly measure from the data. f γ and r 0 are taken as constants and can be estimated to a typical values (e.g., f γ =0.5 and r 0 =10 8 cm.) Figure A1 . Same as Figure 1 , but the spectral data adopted from Iyyani et al. (2013) . Figure A2 . Same as Figure A1 , but redshift adopted z=3.512. Figure A3 . Comparisons of the evolution properties of the physical parameters for the hybrid jet problem with different redshifts, which is based on a typical r 0 (=10 8 cm). Different colors indicate different redshift values. In order to facilitate comparison with the results of Gao & Zhang (2015) , the spectral data also adapted from Iyyani et al. (2013) .
